The succulent Kalanchoe (4, 17, 18) . During preliminary studies on CO2 dark fixation, we observed that plants treated on short photoperiods in complete nutrient solution also required less frequent replenishment of solution than plants treated on long photoperiods. This suggested to us a conservation of water uptake by short day plants even with an abundant and continuous source of water available.
in succulents would be by study of a plant species which ex- hibited alternate states of CO2 dark fixation and its related CAM. 2 The Tom Thumb variety of Kalanchoe blossfeldiana represents such a plant. In response to long photoperiods, Tom Thumb plants remain vegetative, show relatively little succulence, and show no net CO2 dark fixation. On short photoperiods they develop thicker leaves, flower prolifically, and exhibit extensive net CO2 dark fixation (4, 17, 18) . During preliminary studies on CO2 dark fixation, we observed that plants treated on short photoperiods in complete nutrient solution also required less frequent replenishment of solution than plants treated on long photoperiods. This suggested to us a conservation of water uptake by short day plants even with an abundant and continuous source of water available.
The object of this study was to treat Tom Thumb plants in nutrient solution with contrasting photoperiods and correlate the phenomenon of CO2 dark fixation with the tendency for water conservation. Where such fixation is observed, we assumed it to be directly related to CAM as determined in previous studies (3, 5, 13, 15, 17 (14) . A physiological feature associated with many succulents is the night opening of stomates and their closure during the daytime (8, 9) , which is related to night accumulation of organic acids and their disappearance during the day-referred to as Crassulacean acid metabolism (2, 10) . This phenomenon is attributed by some to have an adaptive significance for conservation of water and CO2 in succulents (6, 16 Figure 1 . This pattern of CO2 exchange for both plants is supported by previous studies (4, 18) and reflects the degree of CAM that takes place in the light-dark period in both sets of plants.
As shown in Figure 1 , the short day plant exhibits a rapid net CO2 evolution in the early hours of the dark period followed by a pronounced net CO2 fixation which reaches a maximum at 11 to 12 hr after darkening. Such CO2 uptake is directly related to the formation of organic acids of which malic is predominant (5, 15, 17) . The final hours of darkness for the short day plants are characterized by a rapid decline in net CO2 fixation and eventual CO2 evolution. When lights come on at the end of the dark period, the photosynthetic CO2 uptake is shallow for the short day plant and typically shows a period of CO2 evolution that we consider to be an overshoot of the deacidification process which occurred at this time.
The long day plant exhibits no net CO2 fixation throughout the dark period and its fixation pattern is particularly distinguished from the short day plant by the rapid and pronounced photosynthetic CO2 fixation during the light period.
Extent of Water Conservation. Table II . Summary data for all three series presented in Table II shows that over the complete 10-day period, the average water loss was fairly consistent among both long and short day plants but approximately 3 times greater for long day plants in general.
Series 2 was conducted to determine the time during the 24 hr of treatment when most of the water loss occurred. Data of Table II shows that while water loss from the short day plants is about the same for the light and dark periods, the long day plants lose twice the amount of water during the day as at night and three and one-half times the amount of water during the daytime compared to plants treated on short days.
DISCUSSION
The Tom Thumb variety of Kalanchoe blossfeldiana was selected for this study of water conservation by a succulent plant because of its contrasting responses to CO2 dark fixation under photoperiodic treatment. It was expected that because of stomatal effects, plants which exhibited pronounced net CO2 dark fixation and its related CAM would show a decided tendency for conservation of available water compared to plants of the same variety which did not show this phenomenon. This expectation was fulfilled.
The important consequence of photoperiodic treatments for Tom Thumb in this study is that extensive net CO2 dark fixation occurs only for the plants treated on short days. This results in the formation of large amounts of organic acids in the leaves which apparently causes stomates to open during the dark period due to a lowering of the pH and subsequent increase in the osmotic value or amphoteric swelling of colloids, according to Nishida (9) . Decarboxylation of these acids in the light then reverses the process controlling stomatal size and results in their closure during the daytime. The opposite stomatal response must prevail in long day plants if the relationship to CO2 dark fixation and accumulation of organic acids is consistent. This prevalence means that for long day plants, the stomates are predominantly closed at night and open in the daytime. Nishida (9) reported this situation for succulent plants not showing CO2 dark fixation. Schwabe (11) also demonstrated open stomates at night in short day plants and closed stomates in long day plants of Chrysanthemum, suggesting that photoperiod alone may control stomatal behavior.
The influence of a particular CO2 dark fixation pattern and its related stomatal behavior on water conservation in the two sets of plants is considerable. Although both sets of plants had abundant water to utilize continuously, only plants treated on long days exhibited excessive water loss by transpiration and subsequent uptake by the roots. Daytime loss of twice the nighttime loss and three and one-half times the daytime water loss of short day plants undoubtedly reflects the opened stomate condition of long day plants in the light period. This also resulted in a characteristically high photosynthetic CO2 fixation as shown in Figure 1 . Short day plants may have an equally high CO2 fixation in light, but such CO2 apparently originates internally from decarboxylated organiic acids formed during the previous dark period (5, 16) . Uptake of atmospheric CO2 would not be necessary and the resulting CO2 fixation pattern is quite shallow compared to long day plants as shown in Figure 1 . The lower water loss at night in short day plants is additional evidence of water conservation in spite of open stomates and extensive CO2 dark fixation at this time. The response could be due to increased diffusion resistance of water vapor in mesophyll cells resulting from lower water potential that must develop during organic acid formation in the mesophyll.
The water conservation observed in this species as a result of induced CO2 dark fixation and its related CAM is not considered by us to be associated with a capacity for water retention as in the capacity to restrict transpiration and subsequent water uptake by the plants. This water conservation could be important under xerophytic conditions for the Tom Thumb variety of Kalanchoe blossfeldiana. On relatively short, hot days under conditions of little available soil water and appreciable wind, the lessened tendency for short day plants to take up and transpire water while retaining a high photosynthetic capacity would be a considerable advantage. High rates of CO2 dark fixation and consequent formation of organic acids on short days would assure appropriate stomatal conditions for these arid conditions. Conversely, for Tom Thumb plants on long days such conditions would represent very unfavorable circumstances for the species. With no diurnal formation of organic acids from CO2 dark fixation. stomates would possibly remain open during the day developing water stress conditions which the plants might not survive over a long period. An unbalance of water economy within the leaf alone would not necessarily affect the stomatal changes of this succulent as Nishida (9) reported for Bryophyllum.
The photoperiodic limitation imposed on the Tom Thumb variety of Kalanchoe blossfeldiana, therefore, would appear to
give it less adaptive advantage in terms of water conservation than plants which exhibit extensive net CO2 dark fixation and CAM on both long and short days such as the Feuer Blute variety of K. blossfeldiana (18) .
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